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(57) ABSTRACT 

A method for manufacturing circuit structures integrated in 
a semiconductor substrate that includes regions, in particular 
isolation regions, includes the steps of:4depositing a con 
ductive layer to be patterned onto the semiconductor sub 
strate;iforming a ?rst mask of a ?rst material on the 
conductive layer;iforming a second mask made of a sec 
ond material that is different from the ?rst and provided With 
?rst openings of a ?rst siZe having spacers formed on their 
sidewalls to uncover portions of the ?rst mask having a 
second Width Which is smaller than the ?rst;ipartly etching 
aWay the conductive layer through the ?rst and second 
masks such to leave grooves of the second Width;iremov 
ing the second mask and the spacers; and4etching the 
grooves through the ?rst mask to uncover the regions 
provided in the substrate and form conductive lines. 

36 Claims, 5 Drawing Sheets 
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METHOD FOR MANUFACTURING 
SEMICONDUCTOR INTEGRATED CIRCUIT 

STRUCTURES 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a method for manufac 

turing circuit structures integrated in a semiconductor sub 
strate, in particular lines of a conductive material in sub 
micron circuit structures. 

Speci?cally, the invention relates to a method for manu 
facturing circuit structures integrated in a semiconductor 
substrate, comprising isolation regions, the method compris 
ing the steps of: 

depositing a conductive layer to be patterned onto said 
semiconductor substrate. 

Particularly but not limited to, the invention relates to a 
method of forming lines of a conductive material on a 
semiconductor substrate, Wherein the line spacing is closer 
than that alloWed by conventional photolithography tech 
niques and continuously variable. The folloWing description 
makes reference to this application ?eld for convenience of 
explanation only. 

2. Description of the Related Art 
As it is Well knoWn, transferring patterns that have been 

de?ned in a light-sensitive layer (mask) to one or more 
layers beneath is a basic technical step in the integrated 
circuit fabricating process. 

Also knoWn is that the microelectronics industry has long 
been pursuing a reduction in the siZe of the several circuit 
structures that comprise an integrated circuit. 
A ?rst prior solution to the problem of bringing the 

spacing of structures patterned on silicon doWn to a value 
beloW that alloWed by conventional photolithography tech 
niques is based on the controlled oxidation of a silicon oxide 
mask, used for patterning a layer beneath. 

Although this ?rst solution is advantageous under differ 
ent points of vieW, it presents several shortcomings. This 
solution comes out to be particularly crucial if structures of 
a conductive material, such as conductive lines, are to be 
formed. This because the realiZation of the silicon oxide 
mask, While effectively achieving a high mask-to-conduc 
tive material selectivity, often harms the interfacing oxide 
layers as the mask is removed. 

Altemately, the use of conductive or “hybrid” materials 
such as polysilicon, silicon nitride (Si3N4), silicon oxyni 
tride (SiON), or silicide layers employed to realiZe the mask, 
guarantees the integrity of the beneath oxide layers, but it 
does not alloW to optimiZe the mask-to-conductive material 
selectivity. 

In other Words, When plasma etching is used, as is 
conventional practice in order to pattern conductive material 
layers, the mask employed for layer patterning Wears out too 
much during the etching process. On the other hand, a highly 
selective etch is does not assure vertical pro?le Where the 
thickness of the materials exceeds limiting values. 
A second prior solution to realiZe closely spaced lines of 

a conductive material provides for spacers to be formed 
along the lithographic mask sides for narroWer gaps betWeen 
the conductor material lines. 

Although achieving this objective, not even this solution 
is devoid of shortcomings, mainly because such spacers on 
a photoresist mask introduce problems due to the material of 
the spacers that are incompatible With the light-sensitive 
resin. 
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2 
Thus, neither of the above prior solutions are really 

suitable to pattern speci?c structures such as the ?oating 
gate regions of a ?ash memory, for example, Where poly 
silicon lines need to be provided With vertical pro?les on 
substrates in Which isolation regions or thin interfacing 
oxide layers are realiZed. 
The underlying technical problem of the present invention 

is to provide a method of forming lines of a conductive 
material in integrated circuits, Which method has suitable 
structural features such to alloW the lines of conductive 
material to be formed very closed to each other, Without 
damaging any structures previously formed in the layers 
beneath, thereby to overcome the shortcomings of manu 
facturing methods according to the prior art. 

BRIEF SUMMARY OF THE INVENTION 

An embodiment of this invention uses tWo successive 
masks made of different dielectric materials in order to 
de?ne closely spaced lines of a conductive material. Advan 
tageously, the embodiment comprises forming spacers along 
the sideWalls of the ?rst mask. 
The features and advantages of the method according to 

the invention should become apparent from the folloWing 
description of an embodiment thereof, given by Way of 
non-limitative example With reference to the accompanying 
draWings. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

In the drawings: 
FIGS. 1 to 8 are schematic cross-section vieWs of a 

portion of circuit integrated during different steps of the 
manufacturing method according to the invention; and 

FIGS. 9 and 10 are schematic cross-section vieWs of a 
portion of a circuit integrated at different steps of a modi?ed 
embodiment of the manufacturing method according to the 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The process steps described here beloW do not form a 
complete an integrated circuit. This invention can be imple 
mented, along With current integrated circuit manufacturing 
techniques, and only such commonly used process steps 
necessary to understand this invention are included in the 
description. 
The ?gures representing cross-sectional vieWs taken 

through portions of an integrated circuit undergoing fabri 
cation are not draWn to scale, but rather to highlight major 
features of the invention. 

With reference to such ?gures, a method for manufactur 
ing integrated circuits on a semiconductor substrate, in 
particular a method for forming lines of a conductive 
material in sub-micron circuit structures, is shoWn. 
ShoWn best in FIG. 1 is a semiconductor substrate 1 

including an isolation region 2 that is for example oxide. 
This region is provided in the semiconductor substrate 1 

as shoWn, or is formed thereon as an insulative layer, for 
example. 
A conductive layer 3, for example of polycrystalline 

silicon, a ?rst protective layer 4, for example of silicon 
nitride, and a second protective layer 5, for example of 
oxide, are formed on the semiconductor substrate 1 in this 
order. 
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In particular, the conductive layer 3 and second protective 
layer 5 are highly selectively etchable to each other, Whereas 
the selectivity of the ?rst protective layer 4 lies in betWeen. 
A photoresist layer 6 is then deposited onto the second 

protective layer 5. Using conventional lithographic tech 
niques, the photoresist layer 6 is exposed and developed to 
uncover portions of the second protective layer 5 having a 
Width A. 

Lines 511 are de?ned by plasma etching in the second 
protective layer 5, Which are mutually separated by ?rst 
openings 10, having a Width equal to the ?rst Width A. The 
photoresist layer 6 is then removed as shoWn in FIG. 2. 

At this stage, spacers 8 are formed inside the ?rst open 
ings 10. 

Advantageously, these spacers 8 are formed by ?rst 
depositing a third protective layer 7, eg of the same 
material as the second protective layer 5, having a thickness 
B as shoWn in FIG. 3. 

Spacers 8 of a protective material can be de?ned by a 
plasma etch. The structure comprising of the lines 511 and the 
spacers 8 provides a ?rst mask 5b, Wherein second openings 
11 having a second Width CIA-2B are de?ned. 
By adjusting the thickness of the third protective layer 7, 

the Width of the second openings 11 can be adjusted to far 
less than is alloWed by conventional lithographic techniques. 

The ?rst mask 5b of this invention is then used as a screen 
to fully etch and remove the ?rst protective layer 4 aligned 
With of the openings 11, and partly remove the conductive 
layer 3 to leave it formed With grooves 13, as shoWn in FIG. 
5. 

Thereafter, the ?rst mask 5b is removed by using con 
ventional techniques like Wet etching. Advantageously in 
this invention, the conductive layer 3 is not completely 
removed by the previous partial etch, so that it Will be 
protecting the isolation regions 2 provided on the substrate 
1 that otherWise Would be damaged by the step of removing 
the ?rst protective layer 4. 

Thus, in the ?rst protective layer 4, there are de?ned lines 
411 at spacings of C as shoWn in FIG. 6. The lines 411 form 
a second mask 4b. 
By etching the conductive layer 3 through the second 

mask 4b, the layer 3 etching step is completed. As a result, 
the conductive layer 3 has a plurality of conductive lines 311 
patterned thereon. 

The second mask 4b comprises a material that is highly 
selective to the material of the isolation regions 2. Thus, the 
isolation regions 2 provided on the substrate 1 are safe 
guarded during the ?nal etching of the conductive layer 3 as 
shoWn in FIG. 7. 
The process for de?ning closely spaced conductive lines 

311 according to the invention is then completed With remov 
ing the ?rst mask 4b that is selective to both the conductive 
layer 3 and the isolation regions 2, as shoWn in FIG. 8. 

FIGS. 9 and 10 illustrate a modi?ed embodiment of the 
manufacturing method according to this invention. 

In particular, a conductive layer 3, a ?rst protective layer 
4 and a second layer 5, in this order, are formed on the 
semiconductor substrate 1. The second protective layer 5 is 
subjected to a polymerizing plasma etching step Whereby 
openings 12, having sloping sideWalls, are formed as shoWn 
in FIG. 9. 
A mask 5b is thus provided, Wherein the vertical cross 

section Width of the opening 12 is not constant and decreases 
in a direction toWard the ?rst protective layer 4. Accordingly, 
the section of these openings 12 Will pass from a ?rst Width 
A to a second Width C, that is smaller than the ?rst, close to 
the protective layer. This because the polymerizing etching 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
step results in spacers 811 being formed Within the opening 
12 to provide it With ?ared sideWalls. 

These spacers 8a are formed from the polymer material 
that is present in the polymerizing plasma employed to make 
the openings 12. 
The process is then carried on through the steps previ 

ously described in relation to FIGS. 4 to 8, thereby produc 
ing the integrated structure shoWn in FIG. 10. 

Summarizing, the method comprises using a double 
mask, comprising ?rst and second overlaid masks 5b and 4b 
that are employed to pattern a conductive layer 3 on Which 
they have been formed. The ?rst protective mask 5b, made 
from a layer of an insulating material (e. g., silicon oxide), is 
formed With openings 11, 12 to uncover portions of the 
underlying layer Which are smaller than those alloWed by 
conventional photolithographic techniques. 
The ?rst mask 5b is employed to carry out an etching step 

of the second mask 4b beneath and a step of partly etching 
the conductive layer 3. Advantageously, the second mask 4b 
is made from a material of intermediate selectivity in 
comparison With the layers 5 and 3 in Which it is formed. 
The ?rst mask 5b is then removed. The isolation regions 

2 are undamaged by the removal of the ?rst mask 5b because 
they are protected by the layer 3 of conductive material 
having only been removed in part by the previous etching 
step. 
The second mask 4b is subsequently employed to just etch 

aWay the conductive layer 3 left over. 
Advantageously, the thickness of the remaining conduc 

tive layer 3 can be controlled as desired such that a etch of 
high mask-to-layer selectivity Will have no effect on the 
vertical opening pro?les in the layer 3 of conductive mate 
rial. 
The above-described method suits especially the pattem 

ing of gate structures of a memory or transistors to provide 
a dimension pitch that is smaller than that de?ned by 
conventional photolithographic techniques. By using a 
double mask of an insulating material, in particular a dielec 
tric material, a relatively simple and controllable process can 
be developed in order to de?ne sub-lithographic pitches 
Which Will safeguard isolation structures previously formed 
in the Wafer, such as interfacing oxides, isolation regions of 
the LOCOS and STI types, or any being de?ned. 

All of the above U.S. patents, U.S. patent application 
publications, U.S. patent applications, foreign patents, for 
eign patent applications and non-patent publications referred 
to in this speci?cation and/or listed in the Application Data 
Sheetare incorporated herein by reference, in their entirety. 
From the foregoing it Will be appreciated that, although 

speci?c embodiments of the invention have been described 
herein for purposes of illustration, various modi?cations 
may be made Without deviating from the spirit and scope of 
the invention. Accordingly, the invention is not limited 
except as by the appended claims. 

The invention claim is: 
1. A method for manufacturing circuit structures inte 

grated in a semiconductor substrate that includes isolation 
regions, the method comprising the steps of: 

depositing a conductive layer onto said semiconductor 
substrate; 

forming a ?rst mask of a ?rst material on said conductive 
layer; 

forming a second mask made of a second material that is 
different from the ?rst material and provided With ?rst 
openings of a ?rst Width having spacers formed on 
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sidewalls of the ?rst openings to uncover portions of 
said ?rst mask having a second Width Which is smaller 
than the ?rst Width; 

partly etching aWay said conductive layer through said 
?rst and second masks such to form grooves of said 
second Width and leaving thin portions of said conduc 
tive layer covering said regions provided in said sub 
strate; 

removing said second mask and said spacers; and 
after removing said second mask and said spacers, etching 

said thin portions of said conductive layer through the 
grooves to uncover said regions provided in said sub 
strate and form conductive lines from the conductive 
layer. 

2. A method for manufacturing circuit structures accord 
ing to claim 1, Wherein said spacers are obtained by poly 
meriZing plasma etching through said second mask. 

3. A method for manufacturing circuit structures accord 
ing to claim 1, Wherein said ?rst and second masks respec 
tively are made of ?rst and second protective layers. 

4. A method for manufacturing circuit structures accord 
ing to claim 3, Wherein said ?rst and second protective 
layers are made out of materials that are highly selectively 
etchable With respect to said conductive layer. 

5. A method for manufacturing circuit structures accord 
ing to claim 3, Wherein said ?rst and second protective 
layers are selectively etchable materials to each other. 

6. A method for manufacturing circuit structures accord 
ing to claim 3, Wherein said ?rst and second protective 
layers are dielectric layers. 

7. A method for manufacturing circuit structures accord 
ing to claim 6, Wherein said ?rst protective layer is a layer 
of silicon nitride. 

8. A method for manufacturing circuit structures accord 
ing to claim 6, Wherein said second protective layer is a layer 
of silicon oxide. 

9. A method for manufacturing circuit structures accord 
ing to claim 3, Wherein said spacers are formed by the 
folloWing steps: 

depositing a third protective layer onto said second mask 
after said openings are formed; and 

removing portions of said third protective layer to 
uncover portions of said ?rst mask having a second 
Width smaller than the ?rst. 

10. A method for manufacturing conductive lines, the 
method comprising: 

forming a conductive layer; 
forming a ?rst protective layer of a ?rst material on the 

conductive layer; 
forming a second protective layer on the ?rst protective 

layer, the second protective layer being of a second 
material that is different from the ?rst material; 

forming ?rst openings of a ?rst Width in the second 
protective layer; 

forming spacers on sideWalls of the ?rst openings to 
reduce the ?rst openings to a second Width that is 
smaller than the ?rst Width; 

etching, after forming the spacers, the ?rst protective 
layer through the ?rst openings in the second protective 
layer to produce second openings of the second Width 
in the ?rst protective layer Without exposing a region 
underlying the conductive layer; 

removing the spacers; and 
after removing the spacers, etching the conductive layer 

through the second openings in the ?rst protective layer 

20 

25 

30 

35 

40 

45 

55 

60 

6 
to produce third openings of the second Width in the 
conductive layer and thereby form the conductive lines 
from the conductive layer. 

11. The method of claim 10 Wherein the ?rst and second 
protective layers are made out of materials that are highly 
selectively etchable With respect to the conductive layer. 

12. The method of claim 10 Wherein the ?rst and second 
protective layers are selectively etchable materials With 
respect to each other. 

13. The method of claim 10 Wherein the ?rst and second 
protective layers are dielectric layers. 

14. The method of claim 10 Wherein the spacers are 
formed by the folloWing steps: 

depositing a third protective layer onto the second pro 
tective layer and into the ?rst openings; and 

removing portions of the third protective layer outside of 
the ?rst openings and portions of the third protective 
layer in central portions of the ?rst openings While 
leaving portions of the third protective layer along the 
sideWalls of the ?rst openings as the spacers. 

15. The method of claim 10 Wherein the spacers are 
obtained by polymerizing plasma etching of the second 
protective layer to produce the ?rst openings. 

16. The method of claim 10 Wherein the ?rst protective 
layer is a layer of silicon nitride. 

17. The method of claim 16 Wherein the second protective 
layer is a layer of silicon oxide. 

18. A method, comprising: 
forming a ?rst layer; 
forming a ?rst protective layer of a ?rst material on the 

?rst layer; 
forming a second protective layer on the ?rst protective 

layer, the second protective layer being of a second 
material that is different from the ?rst material; 

forming a ?rst opening of a ?rst Width in the second 
protective layer; 

forming spacers on sideWalls of the ?rst opening to reduce 
the ?rst opening to a second Width that is smaller than 
the ?rst Width, Wherein the forming spacers step uncov 
ers a portion of the ?rst protective layer having the 
second Width, and Wherein the spacers are obtained by 
polymerizing plasma etching of the second protective 
layer to produce the ?rst opening; 

etching the ?rst protective layer through the ?rst opening 
in the second protective layer to produce a second 
opening of the second Width in the ?rst protective layer; 
and 

etching the ?rst layer through the second opening in the 
?rst protective layer to produce a third opening in the 
?rst layer. 

19. The method of claim 18 Wherein the ?rst and second 
protective layers are made out of materials that are highly 
selectively etchable With respect to the ?rst layer. 

20. The method of claim 18 Wherein the ?rst and second 
protective layers are selectively etchable materials With 
respect to each other. 

21. The method of claim 18 Wherein the spacers are 
formed by the folloWing steps: 

depositing a third protective layer onto the second pro 
tective layer and into the ?rst opening; and 

removing portions of the third protective layer outside of 
the ?rst opening and a portion of the third protective 
layer in a central portion of the ?rst opening While 
leaving portions of the third protective layer along the 
sideWalls of the ?rst opening as the spacers. 

22. A method for manufacturing conductive lines, the 
method comprising: 
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forming a conductive layer; 
forming a ?rst protective layer of a ?rst material on the 

conductive layer; 
forming a second protective layer on the ?rst protective 

layer, the second protective layer being of a second 
material that is di?cerent from the ?rst material, Wherein 
the second protective layer is a layer of silicon oxide; 

forming ?rst openings of a ?rst Width in the second 
protective layer; 

forming spacers on sideWalls of the ?rst openings to 
reduce the ?rst openings to a second Width that is 
smaller than the ?rst Width; 

etching the ?rst protective layer through the ?rst openings 
in the second protective layer to produce second open 
ings of the second Width in the ?rst protective layer; 
and 

etching the conductive layer through the second openings 
in the ?rst protective layer to produce third openings of 
the second Width in the conductive layer and thereby 
form the conductive lines from the conductive layer. 

23. The method of claim 22 Wherein the ?rst and second 
protective layers are made out of materials that are highly 
selectively etchable With respect to the conductive layer. 

24. The method of claim 22 Wherein the ?rst and second 
protective layers are selectively etchable materials With 
respect to each other. 

25. The method of claim 22 Wherein the ?rst and second 
protective layers are dielectric layers. 

26. The method of claim 22 Wherein the ?rst protective 
layer is a layer of silicon nitride. 

27. A method for manufacturing conductive lines, the 
method comprising: 

forming a conductive layer; 
forming a ?rst protective layer of a ?rst material on the 

conductive layer; 
forming a second protective layer on the ?rst protective 

layer, the second protective layer being of a second 
material that is di?cerent from the ?rst material; 

forming ?rst openings of a ?rst Width in the second 
protective layer; 

forming spacers on sideWalls of the ?rst openings to 
reduce the ?rst openings to a second Width that is 
smaller than the ?rst Width, Wherein the spacers are 
obtained by polymerizing plasma etching of the second 
protective layer to produce the ?rst openings; 

etching the ?rst protective layer through the ?rst openings 
in the second protective layer to produce second open 
ings of the second Width in the ?rst protective layer; 
and 
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etching the conductive layer through the second openings 

in the ?rst protective layer to produce third openings of 
the second Width in the conductive layer and thereby 
form the conductive lines from the conductive layer. 

28. The method of claim 27 Wherein the ?rst and second 
protective layers are made out of materials that are highly 
selectively etchable With respect to the conductive layer. 

29. The method of claim 27 Wherein the ?rst and second 
protective layers are selectively etchable materials With 
respect to each other. 

30. The method of claim 27 Wherein the ?rst and second 
protective layers are dielectric layers. 

31. The method of claim 27 Wherein the ?rst protective 
layer is a layer of silicon nitride. 

32. A method for manufacturing circuit structures inte 
grated in a semiconductor substrate that includes isolation 
regions, the method comprising the steps of: 

depositing a conductive layer onto said semiconductor 
substrate; 

forming a ?rst mask of a ?rst material on said conductive 
layer; 

forming a second mask made of a second material that is 
di?cerent from the ?rst material and provided With ?rst 
openings of a ?rst Width having spacers formed on 
sideWalls of the ?rst openings to uncover portions of 
said ?rst mask having a second Width Which is smaller 
than the ?rst Width, Wherein said ?rst mask and said 
second mask are made out of materials that are highly 
selectively etchable With respect to said conductive 
layer; 

partly etching aWay said conductive layer through said 
?rst and second masks such to form grooves of said 
second Width; 

removing said second mask and said spacers; and 
etching said grooves through said ?rst mask to uncover 

said regions provided in said substrate and form con 
ductive lines from the conductive layer. 

33. The method of claim 32 Wherein said ?rst and second 
masks are made of ?rst and second protective layers, respec 
tively. 

34. The method of claim 33 Wherein said ?rst and second 
protective layers are dielectric layers. 

35. The method of claim 34 Wherein said ?rst protective 
layer is a layer of silicon nitride. 

36. The method of claim 35 Wherein said second protec 
tive layer is a layer of silicon oxide. 


